AMPICILLIN was first introduced to the medical profession by Rolinson and Stevens in 1961. At the same time Brown and Acred detailed the pharmacology of the drug and some animal protection studies. Knudsen, Rolinson and Stevens (1961) Since these original publications a number of reports have appeared in the world medical literature dealing with the use of ampicillin in patients with both acute and chronic urinary tract infections.
AMPICILLIN was first introduced to the medical profession by Rolinson and Stevens in 1961. At the same time Brown and Acred detailed the pharmacology of the drug and some animal protection studies. Knudsen, Rolinson and Stevens (1961) in discussing the absorption and excretion, showed the drug was well absorbed orally and pointed out that 30%
of the administered dose was excreted in the urine within six to eight hours; this was the first indication that ampicillin might play an important part in the therapy of urinary tract infections. In the same issue of the British Medical Journal, Stewart and his colleagues (Stewart, Coles, Nixon and Holt, 1961) reported results of their studies in putting this hypothesis to the practical test of a clinical trial in patients with urinary tract and other infections.
Since these original publications a number of reports have appeared in the world medical literature dealing with the use of ampicillin in patients with both acute and chronic urinary tract infections.
We describe here the results of treating urinary tract infection with ampicillin at St. Vincent's Hospital, Melbourne.
Materials and Methods Sensitivity Discs
Paper discs containing 10 ,ug. of ampicillin were placed on plates inoculated with a loop from an overnight broth culture of the organism under test. Zonal inhibition was determined after overnight incubation at 37°C. This method was used throughout this series as it had already been shown ) that a reasonable correlation existed between disc sensitivities and M.I.C. values.
In a series of 150 isolates, discs containing 10, 25
and 50 jig. of ampicillin were placed on the same plates to ascertain whether resistant organisms from urinary tract infections were in fact sensitive when higher disc concentrations of ampicillin were used. It was found that organisms were sensitive at 10 ,ug. or not at all, so the standard disc remained a 10 jug. one.
Collection of Specimens
For the purpose of the present study only mid-stream urine specimens were used for determining the presence or absence of infection. Careful meatal cleansing was followed by the collection of the specimen into a sterile container which was immediately transferred to the laboratory for investigation. No catheterisation was employed.
The results of an earlier communication (Stratford, 1962) confirmed the serum and -urine levels of ampicillint reported by Knudsen et al. (1%91) and Stewart et al. (1961) , so microbiological assay of these body fluids was not carried out in the present study.
Choice of Patients
Patients were in the main chosen empirically from the results of sensitivity tests performed in the routine bacteriology laboratory. Many had already been unsuccessfully treated with other antibiotics, most were also acute cases although some were re-infections. No cases of true chronic urinary tract infection were included in the series. The actual terminology used in the diagnosis was that of the physicians in charge of the patients and not my own.
Laboratory Diagnosis
For some time a comparative study was performed contrasting the results obtained with: (a) Direct viable count of total organisms per ml. of urine according to the method of Kass (1955) (b) Urinary catalase reaction described by Braude and Berkowitz (1961) (c) TTC reaction according to Simmons and Williams (I%2) (d) Routine high power examination of spun sediment together with cultural results obtained following inoculation with a standard loop.
Provided that fresh or refrigerated specimens were received, Christie (personal communication) considers that routine examination was at least as accurate as any of the other procedures. This method although not allowing discrimination between infected and contaminated urine, was considered more than adequate for diagnostic purposes when taken in conjunction with the clinical findings.
Results

Disc Sensitivity Tests
The results of routine disc sensitivity tests of 2,628 consecutive isolates are shown in Table I . These results parallel closely those of other authors. The low incidence of sensitivity of Staphylococcus aureus is because most of the strains tested were already known to be resistant to penicillin G, i.e. ampicillin sensitivity was determined on sub-culture and would be expected in any case to be low. It can readily be appreciated from the table that a considerable number of infections due to gram-negative organisms are quite definitely resistant to ampicillin by in vitro testing.
Acute Cystitis
The results in a total of 11 cases are presented in Table II. The dose employed varied from 250 to 750 mg. six-hourly for a mean duration of six days. A considerable variety and combination of infecting organisms presented, yet all cases were cured at both the clinical and laboratory level with ampicillin treatment. Case number 30 had been previously treated with four other antibacterials without effect.
Recurrenit Cystitis
Four cases of recurrent cystitis are detailed in Table III .
As with all of the recurrent infections reported in this series, these patients had all been given alternative antibiotic therapy before being placed on ampiciillin. Three types of organism were involved, one case being a mixed infection. The dose of ampicillin employed varied from 500 to 750 mg. sixhourly. Two patients failed to respond to ampicillin with either clinical or laboratory improvement. The Esch. coli of Case 48 was resistant to ampicillin in vitro though the Aerobacter aerogenes was sensitive; yet despite a high dosage for 10 days no remission occurred and the drug was discontinued. Case four although cured in two days was forced to stop treatment because of vomiting. This was considered to be due to ampicillin and a test dose given later elicited the same response plus diarrhoea. Duration of treatment in this group was two to ten days with a mean of 6.5 days.
Acute Pyelonephritik Table IV includes the results of ampicillin treatment in a series of 18 patients with acute pyelonephritis.
The range of infecting organisms is wide and includes three cases where Aerobacter aerogenes was isolated; two of these patients responded to treatment. Five patients had been on previous treatment with other antibiotics to no avail. All but five of the 18 cases were cured with ampicillin therapy, (one patient had kanamycin concurrently) and a further case was classified as only improved because despite a sterile urine, some symptoms referable to the urinary tract persisted.
Dosage of the drug varied from 500 to 750 mg. six-hourly and treatment extended from 4-15 days with a mean of seven days.
Case two developed a generalised urticaria whilst on treatment with ampicillin but this regressed with the exhibition of antihistamines. The Esch. coli infecting Case number 12 was resistant to ampicillin on in vitro testing.
Recurrent Pyelonephritis There were only two cases of this disease so they are not tabulated. Case 23, previously treated with sulphonamides was infected by Esch. coli and was given ampicillin 500 mg. six-hourly for seven days without improvement at either the clinical or laboratory level.
Case 32 had previously been given both tetracyclines and sulphonamides for a recurrent Esch. coli pyelonephritis. He was given ampicillin 500 mg. six-hourly for six days without improvement. A known case of aplastic anemia he died whilst on treatment but probably not because of his urinary tract infection.
Urinary Tract Infection
Acute ihfections of the urinary tract totalled nine cases as shown in Table V. A broad range of infecting organisms was involved. Six patients were cured with ampicillin and a seventh was improved but not cured symptomatically, despite a sterile urine. Of the two cases in which treatment failed, one was a terminal aplastic anemia who died, and the other was a mixed infection of Esch. coli and proteus who on the basis of in vitro testing should have responded to treatment. The dosage ranged from 500 to 750 mg. six-hourly and the duration of treatment was from 4-42 days with a mean of ten days. If Case 25 (42 days) is excluded from the duration tabulation, the mean becomes 6.5 days which more nearly approximates the other groups so far reported.
Recurrent Urinary Tract Infections
The results in a small series of four cases are shown in Table VI .
Despite the fact that three of the cases were mixed infections and that one of these was treated with only 1 g. of ampicillin daily, all responded to treatment. Although this result is encouraging, the number of cases is too small to draw a meaningful conclusion. The dose varied from 250-750 mg. six-hourly over a time period of 5-10 days with a mean of seven days. Case 19 developed a mild urticaria.
Discussion
Clinical Findings
As mentioned before there is a paucity of reported clinical material on the use of ampicillin in the treatment of urinary tract infections. Stewart et al (1961) were the first to describe its use in a group of eight children at a dosage of 50-100 mg./Kg./day.
The urine became sterile in evqry case but two were reinfected three weeks later, a success rate of 80 per cent. Four of the group had been previously treated with other antibiotics.
Brumfitt, Percival and Carter (1962) treated a series of 45 acute urinary tract infections and showed 93%/0 of the urines to be sterile 48 hours after treatment ceased, but the long term follow-up reduced the cure rate to a still impressive 84%. In both instances the results were appreciably better than those obtained in a group of 34 patients treated with nitrofurantoin. These workers noted that the difference in results between the two groups was largely accounted for by the sensitivity of Proteus mirabilis to ampicillin. This has also been our experience in Melbourne, where Proteus mirabilis accounts for the greater proportions of strains of Proteus spp. isolated in hospitals. Lockey, Eaton and Compston (1962) reported a series of 16 patients with urinary tract infections, six of whom had previous antibiotic therapy. The dose they used was 500 mg. six-hourly for 5-8 days. Most of the infections were due to what were loosely termed coliform bacilli, and two were resistant to ampicillin in vitro before treatment started. If these are excluded the success rate is 100% in this series, although in two cases reinfection occurred quite promptly after ceasing the drug. This gave a long-term cure rate of 86%. A number of the patients successfully treated could be considered difficult cases from the point of view of obtaining even a laboratory cure, so their result is impressive.
Also in 1962 Trafford, Maclaren, Lillicrap, Barnes, Houston and Knox presented the results of ampicillin therapy in 41 cases of urinary tract infections. By inference their patients were simple acute infections. The dose employed varied from 2-4 g. daily for 5-7 days. The result was a cure rate of 58%, but when organisms originally resistant to ampicillin are excluded the success rate increases to 89%. It is of interest to note the failure of the drug in three cases where Aerobacter aerogenes was the infecting organism and compare their results with those reported earlier in this paper.
In ten cases with mixed infections only four were cleared by ampicillin, whereas in our series of 12 patients with mixed infections, only three failed to improve with the same drug.
Again in 1962, Stratford reported nine cases of urinary tract infection treated with 250 to 750 mg. of ampicillin six-hourly. Eight of these were cured, a success rate of 89%.
The last published series of urinary infections treated with ampicillin is that of Hoffler and Scheler (1963) . In this series of 56 cases most were complicated or chronic infections of the urinary tract. These authors realized that the evaluation of success in such cases is more difficult and less distinct than in uncomplicated acute infections, yet their cure rate was a staggering 42%. This result is all the more exciting when one considers that Garrod, Shooter and Curwen (1954) and Kass (1955) both felt that control in such cases is only achieved in about 10% of patients. The dosage used in this series was 1-4 g. daily for an average of 10-14 days.
In the series of 48 patients with acute or recurrent acute urinary tract infection previously described in this paper the success rate was 75%, which is much in accord with the above results. On an average the dose employed was 500 mg. six-hourly for a mean period of eight days.
Table VIl summarises the published results of ampicillin therapy in urinary infections, and out of 215 patients 144 were cured, a success rate of 67°/,, but it must be remembered that this figure could be improved if the chronic infections of the large series described by Hoffler and Scheler (1963) was not included.
Sidle-effects
No antibiotic is free from side-effects, however mild, and in this respect ampicillin is no exception. Stewart et ti. (1961) in their eight cases encountered three patients with urticaria in whom the intradermal test proved negative. This apparent inconsistency highlights the difficulty of predicting a reaction to penicillin as has already been well discussed by Trinca (1962 Hoffler and Scheler (1963) reported that seven of their 56 patients developed skin reactions of one sort or another; all occurred between the 10th and 14th days of treatment and disappeared when the drug was stopped. They also noted the fallibility of skin testing as a measure for determining penicillin sensitivity. These same authors also quote Zylka, Christner and Moers (1962) as noting nine skin reactions in 83 patients.
In the 48 cases I have presented here, three patients showed side effects, one of whom vomited and two developed urticarial reactions. A fairly common complaint amongst my patients on ampicillin is of an unpleasant tasting eructation following the capsules, and frequently patients mention that they have noticed that their urine posseses an acrid or musty smell. However, neither of these complaints is severe enough to warrant discontinuing the drug.
In all of the published series the incidence of side-effects is about 100/ but these are mainly urticarial in nature and disappear when the drug is stopped. so we can conclude that ampicillin is fairly innocuous from the point of view of side-effects. Ross (1964) that even where the infection lies in the renal substance itself, ampicillin may well prove more effective than other conventional urinary antiseptics.
In addition to the above, the fact that the drug is bactericidal would appear to make ampicillin the treatment of choice for susceptible urinary tract infections, and there seems little doubt from all the reported series that longer courses of treatment will tend to lessen the recurrence rate. This observation of course applies to drugs other than ampicillin. Adequate and regular follow-up studies are mandatory with urinary infections, perhaps more so than with any other aroup of cdiseases. It would seem that a dose of at least 2 . of ampicillin daily for a minimum of ten days could be expected to achieve a high cure rate whilst at the same time reducing recurrent infection. Prolonged courses may be necessary where chronic disease or gross structural abnormality exists. AsYMPTOMAFIC bacteriuria is present in about six per cent of pregnant women and about half these women develop pyelonephritis of pregnancy. Kass' (1960 Kass' ( , 1962 findings suggested that pyelonephritis of pregnancy could be virtually eliminated by treatment of bacteriuria, because no pyelonephritis occurred in his non-bacteriuric patients or in those receiving treatmept for bacteriuria. He also found that the high incidence of prematurity and perinatal mortality in his bacteriuric patients was reduced by treatment. Because of the important implications of these observations and because other findings had not been entirely in agreement with those of Kass (Kaitz and Hodder 1961 , Turck, Goffe and Petersdorf 1962 , Turner, 1961 we instituted a double blind controlled trial of anti-bacterial drugs in pregnancy bacteriuria.
Our own findings in a pilot study like those of Kass (1960) suggested that continuous administration of an anti-bacterial drug was necessary to control bacteriuria. In selecting a drug for continuous administration during pregnancy, ampicillin seemed a good choice in that it was effective in urinary tract infections and being a penicillin was unlikely to have serious toxic effects on mother or fcretus. Sufficient supplies were not available, however, and ampicillin was therefore used only in infections resistant to sulphonamides, sulphamethoxydiazine being used to control the bacteriuria in most patients.
Methods
Bacterial counts by a spread plate technique were done on mid-stream urine specimens collected at the first ante-natal visit in 4,000 women. Six per cent of these showed bacteriuria ( > 100.000 organisms/mi.). Patients with bacteriuria were allocated at random to placebo or treatment and seen at monthly intervals in a special clinic for clinical, bacteriological and biochemical assessment. In addition to bacterial counts, quantitative leucocyte counts were performed on urine specimens.
